To study the effect of valve timing on the diesel engine performance, the simulation model of diesel engine was established with AVL BOOST and its accuracy was proved. The volumetric efficiency is one of the important indicators to evaluate engine performance. The volumetric efficiency as optimization objective and valve timing were optimized and discussed by using Box-Behnken test method and the response surface methodology. Optimization result shows that volumetric efficiency of the diesel engine can been increased by 6.42% under rated speed.
Introduction
The simulation of the engine's working process has become an important method to the research and development (Lei et al., 2011; Rakopoulos et al., 2004; Razmjooei et al., 2010) . It is established the one-dimensional simulation model of the working process of diesel engine by AVL BOOST. And the simulation model is validated by speed characteristic. Then the influence of valve timing on the volumetric efficiency of diesel engine is analyzed and optimized in using the response surface methodology to obtain the optimal valve timing and the volumetric efficiency of engine. The volumetric efficiency can be increased 6.42% under the rated speed.
Model Establishment

The Model Establishment
The 4-cylinder, 4-stroke and turbocharged diesel engine was used in bench test. The basic parameter of the diesel engine is shown in Tab.1. The simulation model was established, shown in Fig.1 . The Vibe 2 Zone heat release model and Woschni1978 heat transfer model was used (Liu, 2011) . Exhaust Valve Close(EVC)(º CA) 63
Validation of the Simulation Model
The simulation model of diesel engine was verified from calculated results and experimental results, shown in Fig The comparative result shows that the relative deviation between simulation and experiment are both below 5%.Therefor the simulation model of diesel engine established in this paper is accurate and reliable.
Valve Timing Optimization Based on Response Surface Methodology
Response Surface Methodology
Response Surface Methodology is a product with the development of statistics, mathematics and computer science. Experimenting, modeling, analyzing data, using graphics technology are used in order to show up the relationship of response system and we can know and select the optimized response of experiment design directly (Montgomery, 2007; Chen et al, 2009; Simate et al., 2009; Li et al., 2007; Liu, S. S. et al., 2012; Liu, C. et al., 2012) . Response surface analysis of experiment includes Central Composite Design, Box-Behnken Design, Quadratic saturation D-optimal Design, Uniform Design, etc. Box-Behnken Design which can be called the efficiency design method, can be estimated in the Linear and Quadratic polynomial with the Linear interaction of polynomial model by fewer tests (Chen et al, 2009 ). The influence of valve timing on the volumetric efficiency of diesel engine under the rated speed is discussed and the response surface experiment is designed by using Box-Behnken Design. The test points and test data are showed in Tab.2. Where: at least, one parameter is not equal to zero, and the significance level is α=0.05.The "P value" is a concept which is the judgment instead of rejection region in statistics. The Box-Behnken Design of optimized analysis is used in this paper. The Tab.3 shows that the P values of AC, BC, BD, CD and C2 are more than 0.05, which indicates the terms in model are not notable, and need to be re-optimized. 6 shows that: IVO is 53º CA, IVC is 111º CA, EVO is 115º CA, EVC is 71º CA.
Verifying the Optimized Results of the Response Surface
The optimal valve timing which is got from the response surface methodology is used to verify the simulation model. The Tab.5 shows that the volumetric efficiency is increased by 6.42% after optimized. 1) Based on the response surface methodology, we can optimize the volumetric efficiency and valve timing of diesel engine, establish the response surface quadratic model, draw the 3D surface of response surface methodology and then can carry out the optimization and interaction between volumetric efficiency and valve timing.
2) Getting the valve timing of the diesel engine from the response surface methodology, analyzed the simulation model of the diesel engine. The results show that the volumetric efficiency can be optimal value under the rated speed.
